SPECIFICATION 



FIXED TYPE CONSTANT VELOCITY JOINT 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a fixed type constant 
velocity joint in which a rotary shaft on the driving side and 
a rotary shaft on the driven side are connected together and 
which is capable of transmitting torque at constant angular 
velocities even when the two shafts form an angle • It is capable 
of angular displacement alone without plunging , and is utilized 
in automobiles and various industrial machines . 

2. Brief Description of the Prior Art 

While the connecting construction of the drive shaft of an 
automobile differs according to the vehicle suspension system, 
a differential gear, or a final reduction gear, is attached to 
the vehicle body side, for example, in a vehicle employing an 
independent suspension system, and the opposite ends of the 
drive shaft are connected to the differential and the axle, 
respectively, through universal joints. And in order to allow 
displacement of the drive shaft in response to the movement of 
the suspension, the construction is such as to allow angular 
displacement of the drive shaft in the wheel-side connection 
and angular displacement and axial displacement in the vehicle 
body-side connection. 

As for the above-mentioned universal joints, constant 



velocity joints are frequently used at present, and the 
wheel-side connection uses the fixed type constant velocity 
joints which allow only the angular displacement of the two 
shafts, such as the Rzeppa type, while the vehicle body-side 
connection uses the slide type constant velocity joints which 
allow angular displacement and axial displacement between the 
two shafts, such as the double offset type, tripod type, and 
cross group type. 

A fixed type constant velocity joint shown in Figs. 9A and 
9B comprises an outer joint member 1 having six curved guide 
grooves lb axially formed in a spherical inner peripheral 
surface la, an inner joint member 2 having six curved guide 
grooves 2b axially formed in a spherical outer peripheral 
surface 2a, and having spline (or serration) holes 2c, torque 
transmitting balls 3 disposed one by one in six ball tracks 
defined by cooperation between the guide grooves lb of the outer 
joint member 1 and the guide grooves 2b of the inner joint member 
2, and a cage 4 holding the torque transmitting balls 3. 

The center of curvature of the inner peripheral surface la 
of the outer joint member 1 and the center of curvature of the 
outer peripheral surface 2a of the inner joint member 2 are each 
coincident with the joint center 0. The center of curvature 
A of each of the guide grooves lb of the outer joint member 1 
and the center of curvature B of each of the guide grooves 2b 
of the inner joint member 2 are axially offset by an equal 
distance on opposite sides of the joint center 0 (in the example 
shown in the same figure, the center A is on the opening side 
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of the joint and the center B is on the innermost side of the 
joint). Therefore, the ball tracks defined by cooperation 
between the guide grooves lb and 2b are wedge-shaped, opening 
to one axial side (in the example shown in the same figure, to 
the opening side of the joint). 

In the case where the two shafts make no angular displacement, 
that is, the axes of rotation of the two shafts form a straight 
line, as shown in Fig. 9A, the centers of all of the torque 
transmitting balls 3 are in a plane perpendicular to the axis 
of rotation including the joint center 0. When the outer and 
inner joint members 1 and 2 make an angular displacement by an 
angle 6 , the cage 4 places the torque transmitting balls 3 in 
a plane bisecting the angle 0 , thereby securing the constant 
velocity property of the joint. 

The applicant has already proposed a fixed type constant 
velocity joint which has eight torque transmitting balls in 
order to realize further size compaction and weight reduction 
while securing strength, loading capacity and durability which 
are more than in a fixed type constant velocity joint having 
six torque transmitting balls as shown in Figs. 9A and 9B. 

One of the main damages to fixed type constant velocity joints 
during high-angle operation is a mode called cage column shear 
fracture caused by spherical edge cutting- in of the outer and 
inner joint members. Fig. 3 is an enlarged sectional view for 
explaining a damage mode of a fixed type constant velocity joint, 
showing the vicinity of a torque transmitting ball positioned 
outermost when a maximum operating angle is taken. As can be 
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seen from the same view, when the spherical edge contact points 
(loading points) of the outer and inner joint members are 
greatly offset axially of the cage, the shear stress in the cage 
column increases, imposing an excessive moment load thereon, 
so that the cage strength considerably lowers. 

SUMMARY OF THE INVENTION 

An object of the invention is to mitigate such shear stress 
in the cage column and secure the cage strength in a fixed type 
constant velocity joint • 

The present invention mitigates the shear stress in the cage 
column to secure the cage strength by setting the axial offset 
amount of the spherical edge contact points (loaded points) of 
the outer and inner joint members ait an optimum value. 

That is, a fixed type constant velocity joint according to 
an embodiment of the invention comprises an outer joint member 
having axially extending guide grooves formed in the spherical 
inner peripheral surface thereof, an inner joint member having 
axially extending guide grooves formed in the spherical outer 
peripheral surface thereof, torque transmitting balls disposed 
one by one in ball tracks defined by cooperation between the 
guide grooves of the outer and inner joint members, and a cage 

holding the torque transmitting balls, wherein the angle a 
defined between a straight line connecting a contact point 
between the cage and the outer joint member and a contact point 
between the cage and the inner joint member, and the cage center 
line is not more than 10 degrees. 



4 



According to the invention, it is possible to provide a fixed 
type constant velocity joint having the shearing stress in the 
cage column mitigated and securing the cage strength by making 
the angle defined by a straight line connecting the contact 
point between the cage and the outer joint member and the contact 
point between the cage and the inner joint member, and the 
centerline of the cage not more than 10 degrees. 

The number of guide grooves of the outer joint member may 
be eight and so is the number of guide grooves of the inner joint 
member . 

The guide grooves of the outer and inner joint members may 
be provided with straight sections having a straight groove 
bottom. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a sectional view of a fixed type constant velocity 
joint taking a maximum operating angle; 

Fig. IB is a sectional view of an inner joint member; 

Fig. 2A is a sectional view of a fixed type constant velocity 
joint taking a maximum operating angle; 

Fig. 2B is a sectional view of an inner joint member; 

Fig. 3 is a sectional view of a fixed type constant velocity 
joint, in which the vicinity of a torque transmitting ball 
positioned outermost when taking a maximum operating angle is 
enlarged; 

Fig. 4 is a sectional view similar to Fig. 3 for explaining 
the relation between the inner joint member edge position and 
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shear stress; 

Fig. 5 is a longitudinal sectional view of a fixed type 
constant velocity joint; 

Fig. 6 is a cross sectional view of the fixed type constant 
velocity joint of Fig. 5; 

Fig. 7 is a longitudinal sectional view of a fixed type 
constant velocity joint; 

Fig. 8 is a diagram showing the relation between angle a and 
cage strength; 

Fig. 9A is a longitudinal sectional view of a fixed type 
constant velocity joint showing the prior art; and 

Fig. 9B is a cross sectional view of the joint shown in Fig. 
9A. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the invention will now be described with 
reference to the drawings. First, the basic construction of 
a fixed type constant velocity joint will be described with 
reference to Figs . 5 through 7 . 

In the embodiment shown in Figs. 5 and 6, the fixed type 
constant velocity joint comprises an outer joint member 10, an 
inner joint member 20, torque transmitting balls 30, and a cage 
40. 

The outer joint member 10, which is cup-shaped with one axial 
end opened, has a spherical inner peripheral surface 12 formed 
with arcuate (Fig. 5) guide grooves 14 at eight 
circumferentially equispaced positions (Fig. 6). The center 
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of curvature of the guide grooves 14 is denoted by 01 in Fig. 
5. In addition, Fig. 5 illustrates a case where a shaft 16 is 
formed integral with the outer joint member 10. 

The inner joint member 20 has a spherical outer peripheral 
surface 22 formed with arcuate (Fig. 5) guide grooves 24 at eight 
circumf erentially equispaced positions (Fig. 6). The center 
of curvature of the guide grooves 2 4 is denoted by 02 in Fig. 
5. Fig. 5 illustrates a case where the inner joint member 20 
has spline holes 26 and is fitted on the spline shaft of the 
shaft 5 through the spline holes 26. 

The guide grooves 14 of the outer joint member 10 are paired 
with the guide grooves 24 of the inner joint member 20, forming 
a total of eight ball tracks . And the torque transmission balls 
3 0 are disposed one by one in the ball tracks. The center of 
the torque transmitting balls 30 is denoted by 03 in Fig. 5. 

The torque transmitting balls 30 are held by the cage 40. 
The cage 40 has a spherical outer peripheral surface 42 and a 
spherical inner peripheral surface 44. The outer peripheral 
surface 42 is spherically fitted on the inner peripheral surface 
12 of the outer joint member 10 , while the inner peripheral 
surface 44 is spherically fitted on the outer peripheral surface 
22 of the inner joint member 20. The center of curvature of 
the outer peripheral surface 42 of the cage 40 and the center 
of curvature of the inner peripheral surface 12 of the outer 
joint member 10 serving as a guide surface for the outer 
spherical surface 42 of the cage 40 each coincide with the joint 
center O. Further, the center of curvature of the inner 
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peripheral surface 44 of the cage 4 0 and the center of curvature 
of the outer peripheral surface 22 of the inner joint member 
20 serving as a guide surface for the inner peripheral surface 
44 of the cage 40 each coincide with the joint center O. 

In this embodiment , the center of curvature 01 of the guide 
grooves 14 of the outer joint member 10 and the center of 
curvature 02 of the guide grooves 24 of the inner joint member 
20 are offset to opposite sides of the joint center O by an 
axially equal distance F (in the example shown, the center 01 
is on the opening side of the joint , and the center 02 is on 
the innermost side of the joint). In other words, the amount 
of offset F of the center of curvature 01 of the guide grooves 
14 is equal to the axial distance between the center of curvature 
Ol and the joint center O, and the amount of offset F of the 
center of curvature 02 of the guide grooves 24 is equal to the 
axial distance between the center of curvature 02 and the joint 
center O; thus the two are equal to each other. Therefore, the 
ball tracks defined by cooperation between the guide grooves 
14 and 24 are wedge-shaped, with one axial end (in the 
illustrated embodiment, the opening side of the joint) opened. 

A line segment connecting the center of curvature 01 of the 
guide grooves 14 of the outer joint member 10 and the center 
03 of the torque transmitting ball 30 is equal in length to a 
line segment connecting the center of curvature 02 of the guide 
grooves 24 of the inner joint member 20 and the center 03 of 
the torque transmitting balls 30, such line segments being 
denoted by the reference character PCR in Fig. 5 . When the outer 
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and inner joint members 10 and 2 0 make an angular displacement 
through an angle 0 , the cage 4 0 causes the torque transmitting 
balls 3 0 to be disposed in a plane bisecting the angle 0 , 
thereby securing the constant velocity property of the joint. 

The constant velocity joint of this embodiment has eight 
torque transmitting balls 30, which means that the load 
proportion per torque transmitting ball occupying the total 
load capacity of the joint is smaller than for the conventional 
joint (which is a 6-ball fixed type constant velocity joint, 
hereinafter the same) ; therefore, for the same nominal size of 
conventional joint, it is possible to reduce the diameter of 
the torque transmitting balls 30 so as to make the wall 
thicknesses of the outer and inner joint members 10 and 20 
substantially equal to those in the conventional joint. 
Further, for the same nominal size of conventional joint, it 
is possible to achieve further compactness in terms of outer 
diameter while securing more than equal strength, load capacity 
and durability. Further, results of experiments have 
confirmed that the inventive joint generates less heat than the 
conventionally joint . 

In an embodiment shown in Fig. 7, the guide grooves 14a of 
the outer joint member 10a and the guide grooves 24a of the inner 
joint member 2 0a are provided with straight sections Ul and U2, 
respectively, having a straight groove bottom, the rest of the 
arrangement being the same as in the embodiment shown in Figs. 
5 and 6 described above. The provision of the straight sections 
Ul and U2 enables the constant velocity joint of this embodiment 
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to increase the maximum operating angle as compared with the 
embodiment shown in Figs. 5 and 6. 

Next, the embodiments of the invention will be described with 
reference to Figs . 1A to 2B. Fig. 1A shows the maximum operating 
angle (6?max) taken by the fixed type constant velocity joint 
in the embodiment shown in Figs. 5 and 6. Fig. 2A shows the 
maximum operating angle ( 0max) taken by the fixed type constant 
velocity joint in the embodiment shown in Fig. 7. As can be 
seen from Figs . 1A and 2A, the factors which determine the amount 
of offset, axially of the cage, of the contact point A between 
the outer joint member 10, 10a and the cage 40 and the contact 
point B between the inner joint member 20, 20a and the cage 40 
include the contact points A and B. In order to reduce the 
amounts of offset of the contact points A and B axially of the 
cage, it is contemplated that the socket diameter of the 
outer joint member 10, 10a may be reduced or that the width D 
of the inner joint member 20, 20a may be increased. However, 
from consideration of securement of the incorporatability of 
the cage 40, size reduction of the socket diameter is limited. 
Thus, the possibility of increasing the width D of the inner 
joint member 20, 20a will be investigated. 

In addition, the width regulation of the inner joint member 
of the conventional fixed type constant velocity joint is set 
at a minimum value at which the contact ellipse of the torque 
transmitting balls does not swell out during high-angle 
operation, by taking weight reduction and cost reduction ( input 
weight reduction) into consideration. When measured for angle 
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a of the conventional article, the angle ranged from 19 degrees 
to 3 4 degrees or thereabout. 

Fig. 4 is substantially the same view as Fig. 3 described 
above, but showing that the shear stress acting on the cage 
column can be mitigated by axially extending the inner joint 
member as shown in phantom line so as to place the spherical 
edge of the outer joint member close to the spherical edge of 
the inner joint member. Further, it can be seen that if the 
amounts of offset of the points A and B as seen axially of the 
cage are regulated by the angle a formed between the straight 
line connecting the points A and B and the centerline of the 
cage, then the shear stress in the cage column is reduced by 
reducing the angle a. In other words, when the angle a: is 0, 
that is, when the straight line connecting the points A and B 
is parallel with the cage centerline, the shear stress in the 
cage column is at its minimum. 

The angle a is determined by the width D of the inner joint 
member 20, 20a. That is, in order to reduce the angle a, it 
is only necessary to set the width D at a large value as shown 
in broken lines in Figs. IB and 2B. However, since increasing 
the width D leads to an increase in the weight of the inner joint 
member 20, 20a and results in the E section (Fig. IB) and F 
section (Fig. 2B) becoming sharp edges, it is necessary to keep 
the shape of the inner joint member 20, 20a optimum and to find 

the optimum value of angle a which mitigates the shear stress 
in the cage column. 

A sample with a = 10 degrees was prepared for experiment, 
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and it was ascertained that the cage strength during high-angle 
operation improved by 5 - 14% as compared with the conventional 
article. The relation of strength to angle a is as shown in 
Fig. 8. In the actual design, since the width dimension D of 
the inner joint member 20, 20a is rounded, the value of a is 
not always an integer. In the case of an embodied article of 
the type shown in Fig. 7, the a, though differing from size 
to size, was 8.2 - 9.7 degrees or thereabout. In the case of 
the type shown in Fig. 5 , there may be a case where the positional 
relation of the contact points A and B is reversed from what 
is illustrated so that a takes a minus value. It may be said 
from the above that the angle a is preferably not more than 
10 degrees, more preferably not more than 10 degrees and not 
less than 8 degrees. 

In addition, the invention has so far been described as 
applied to 8-ball type fixed type constant velocity joints shown 
by way of example; however, the invention is applicable also 
to a conventional 6-ball type to provide the same effect. 
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